By analysing the expression and function of DN-associated genes during renal development in vivo, it may be possible to shed light on their pathogenic roles in the disease. The embryos of the African clawed frog Xenopus laevis provide a useful model for analysing early embryonic development, particularly organogenesis. Their rapid, external development and the large size of embryos allow for ease of observation and manipulation of the developmental programme. The Xenopus pronephros represents a single nephron, the basic unit of the successive vertebrate renal organs, i.e. the mesonephros and metanephros, and thus provides a useful model of nephrogenesis. Suppression subtractive hybridization was used to identify genes induced when primary cultures of mesangial cells are exposed to high extracellular glucose. Among these genes was the bone morphogenetic protein (BMP) gremlin. Interestingly gremlin is expressed in Xenopus pronephros at stage 27 where it has the potential to interact with BMPs and related regulators of nephrogenesis. Further analysis of the role of gremlin in renal development may shed light on their roles in disease.
The development of the vertebrate excretory system is characterized by the successive formation of three different kidneys from the intermediate mesoderm: the pronephros, the mesonephros and the metanephros [1] . The functioning embryonic kidney in Xenopus laevis, the pronephros, consists of three components; the glomus, which is the filtration device equivalent to the higher vertebrate glomerulus, the pronephric tubules, which collect waste filtered by the glomus into the coelom, and the pronephric duct, which carries the waste to the exterior. Similar gene expression patterns in all three kidney forms argue that similar pathways of development, function and induction have been conserved, making the Xenopus pronephros a useful model system for studying early kidney organogenesis [2] . While the mouse provides an excellent system to explore gene function and inductive interactions in metanephroi through targeted mutagenesis and organ culture, Xenopus embryos provide a unique system for studies in pronephroi development. Embryonic development is external and rapid, along with the fact that the embryos are large, allowing for easy observation and manipulation [3, 4] . In this system, experimental embryology and microinjection techniques have been used successfully to study the effect of mutations in the human hepatocyte nuclear factor 1b gene on kidney development [5] .
A number of putative developmental regulators were identified in a screen for genes differentially expressed in high glucose, providing evidence that developmental regulatorsupathways may be reactivated in diabetics, contributing to the development of nephropathy [6] [7] [8] . Reactivation of developmental regulators can contribute to a variety of diseases, and there is evidence that developmental pathways are recapitulated during renal disease states in an attempt to restore kidney function [1] . One of the genes identified in the diabetic nephropathy screen is the bone morphogenetic protein (BMP) antagonist gremlin. BMPs constitute a large family of secreted growth factors belonging to the transforming growth factor-b (TGF-b) superfamily. Although these proteins were first identified by their capacity to promote endochondral bone formation, they are now considered as components of an evolutionarily conserved signalling pathway that is responsible for many signalling processes [9] . BMPs are important signals required for control of proliferation, differentiation and programmed cell death, and perform their biological function by interacting with cell surface receptors consisting of heterodimers of type I and type II receptors with intracellular serine threonine kinase domains [10] . Ligand binding to both of these receptors activates an intracellular pathway involving members of the Smad family.
Recently, a growing number of secreted proteins have been discovered that are antagonists of BMP function. These BMP antagonists share the functional property of binding specifically to BMPs, thus preventing their interaction with their receptors. These factors include noggin, chordin, cerberus and gremlin [11] . The developmental function of these factors has been studied mainly during gastrulation. In the developing limb, recent studies suggest that the functions of the BMPs are spatially and temporally regulated by different specific BMP antagonists.
Multiple BMPs have been identified in kidney, although BMP7 is the most abundant BMP in fetal and adult mammalian kidney and is required for normal kidney development, as demonstrated by arrested kidney development in BMP7 null mice [12, 13] . BMP7 is expressed widely in the entire marginal zone of early Xenopus embryos, including in the mesoderm fated to form the pronephros [14] . While it is known that BMPs are required for normal kidney development, BMP antagonists have not been implicated in kidney development to date. In the developing Xenopus embryo, a whole-mount in situ hybridization study revealed that gremlin expression begins at the tail-bud stage where it is correlated largely with neural crest lineages. At stage 27, gremlin staining appears in the pronephros, suggesting a requirement for gremlin activity during kidney development [15] . In the avian limb, gremlin functions as a BMP antagonist to regulate outgrowth, chondrogenesis and programmed cell death [16] . The distribution of gremlin showed an inverse relationship with the expression of BMP genes [2, 4, 7] and with the distribution of the areas of programmed cell death. To elucidate further the function of gremlin in the kidney development and disease, we are currently further analysing the expression and function of gremlin in Xenopus embryos.
